Tuberculosis is the leading cause of death among persons infected with human immunodeficiency virus (HIV) especially in developing countries [1] . A meta-analysis of recent clinical trials showed that isoniazid preventive therapy reduced the risk of active tuberculosis by 64% among adults infected with HIV, as demonstrated by a positive tuberculin skin test (TST) [2] .
The Soweto/Johns Hopkins Novel Tuberculosis Prevention Regimens Trial showed that shorter directly observed combination regimens of rifapentine and isoniazid (once weekly for 12 weeks), and rifampin and isoniazid (twice weekly for 12 weeks) had similar efficacy as isoniazid (daily for 6 months) in preventing a combined outcome of tuberculosis or death in HIV infected adults with latent tuberculosis infection [3] . In this analysis, we studied risk factors for developing incident tuberculosis after receipt of short-term preventive therapy in this population of HIV-infected adults to identify sociodemographic and potentially modifiable clinical and behavioral variables associated with progression to tuberculosis.
METHODS

Study and Source Population
The study population comprised 908 participants from the Soweto/Johns Hopkins Novel Tuberculosis Prevention Regimens Trial. The trial was an open-label, randomized, controlled trial that compared novel combination tuberculosis preventive regimens to daily isoniazid for 6 months. A fourth arm randomized patients to receive daily isoniazid continuously for up to 6 years; patients in this arm had similar rates of tuberculosis as those in the other arms, but in an "as-treated" analysis had significantly lower rates of tuberculosis or death, and it is excluded from this analysis. The parent trial had 1148 eligible participants randomized to the 4 treatment arms. The participants included in this analysis completed at least 80% of their assigned preventive treatment. The first 2 treatment arms (rifapentineisoniazid and rifampin-isoniazid arms) had directly observed treatment, whereas the third treatment arm (isoniazid for 6 months) had self-reported adherence.
At entry, all participants had HIV infection confirmed by enzyme-linked immunosorbent assay and Western blot analyses and were TST positive (skin reaction of at least 5 millimeters). All participants (1) were at least 18 years of age, (2) were not pregnant or breastfeeding, (3) had no evidence of active tuberculosis disease as determined by a symptom review, chest radiograph, and sputum culture if indicated, (4) had a CD4 count of at least 200 cells/mm 3 , (5) had no history of tuberculosis treatment for more than 2 months, and (6) were not currently on anti-tuberculosis or antiretroviral therapy (ART). Incident tuberculosis was ascertained actively through follow up of participants and passively through review of clinical records and death certificates whenever possible. Incident tuberculosis was classified as confirmed, probable, or possible. Confirmed cases had signs and symptoms and were culture-positive. Probable cases had signs and symptoms and were sputum smear-positive. Possible cases had signs and symptoms without microbiologic or histologic evidence but had a clinical response to antituberculosis therapy.
Analysis
We used Cox proportional hazards regression models to estimate hazard ratios for incident tuberculosis. The Stata statistical package version 12 was used (StataCorp LP, College Station, TX). The time origin for this analysis was the date of last treatment dose, and the time metric was follow-up time thereafter. Risk factors for incident tuberculosis assessed included the following: age, sex, employment status, highest educational level attained, current living conditions, smoking status, alcohol consumption, baseline CD4 cell count, baseline viral load, baseline TST induration size, and baseline body mass index (BMI). Multivariate models were adjusted by study arm and ART initiation. We did not use time-varying representations of CD4 and viral load, because we wanted to be able to assess medium-to longterm prognosis based on variables available at initial presentation.
RESULTS
The 908 participants in the 3 included arms were observed for a total of 3032. One hundred sixty-seven participants initiated ART, and ART use made up 10% of the total follow-up time. Independent risk factors for incident tuberculosis from multivariate analysis were the following: TST induration size of >15 mm vs 5-9 mm (hazard ratio [HR], 2.74; CI, 1.06-7.06; P = .037); self-reported alcohol consumption (HR, 2.08; CI, 1.21-3.50; P = .007) and alcohol consumption >10 units per week (HR, 2.87 CI, 1.14-7.23; P = .025); baseline viral load greater than the median, ie, 14 600 (4.2 log 10 ) copies/mL (HR, 3.13; CI, 1.64-5.97; P = .001); and baseline CD4 cell count <500 cell/mm 3 (Table 1) .
DISCUSSION
We have identified several characteristics associated with progression from latent tuberculosis infection to active tuberculosis disease in HIV-infected adults treated with preventive therapy.
Clinical variables associated with risk of tuberculosis included size of TST induration, CD4 cell count, and HIV viral load, whereas the sole behavioral characteristic associated with tuberculosis risk was self-reported alcohol consumption and alcohol consumption >10 units per week. The association between a positive TST and risk of tuberculosis has been studied in HIV-infected and uninfected populations. Individuals with HIV and a positive TST are at higher risk of developing tuberculosis than those with negative TSTs. A few studies have shown an association between larger TST size and risk of tuberculosis [4, 5] , but association with size among HIVinfected adults has not been previously reported. A TST size of >15 mm was associated with a higher hazards of incident tuberculosis compared to a TST size of 5-9 mm. If a larger TST induration size reflects greater biological susceptibility to tuberculosis, then a biological dose-response mechanism may explain the increased risk; however, it may just be an issue of misclassification, because HIV-infected adults with a TST size between 5 mm and 10 mm are considered to have latent tuberculosis, whereas immune-competent adults with a similar TST size are not. Our study participants had a high CD4 count at entry, which is close to normal. Misclassification from crossreaction to Mycobacterium avium is also more likely for TST size <15 mm [6] .
Several studies have also observed an association between alcohol consumption and the risk of tuberculosis [7, 8] . Greater alcohol units consumed in 1 week were associated with increased hazards of incident tuberculosis, and our results clearly demonstrate a dose-response relationship (Table 1) . Many studies have also shown a positive association between smoking and the risk of tuberculosis [7, 8] , but we did not find a statistically significant association between smoking and incident tuberculosis. This may be because our data did not differentiate between ever and current smokers. Although not statistically significant with the categories of BMI we used, point estimates indicating increased risk of tuberculosis for those with low BMI and decreased risk for those with higher BMI were in accord with those reported by Hanrahan et al [9] in Soweto, South Africa.
Several cross-sectional and prospective studies have established the association between low CD4 cell count and the risk of tuberculosis. A CD4 cell count of below 200 cells/mm 3 has been found to be associated with increased risk of tuberculosis in HIV-infected people [8, 10] . In our study, a baseline CD4 cell count of less than 200 cells/mm 3 was an exclusion criterion; however, we found that a CD4 cell count below 500 cell/ mm 3 was statistically significantly associated with an increased risk of tuberculosis. A baseline viral load of greater than 14 600 (4.2 log 10 ) copies/mL was also found to be an independent risk factor for tuberculosis. Our findings suggest that a drop in CD4 cell count below normal is associated with higher hazards of incident tuberculosis and that viral load may be a stronger [11, 12] also found from the Multicenter AIDS Cohort Study that baseline CD4 cell count and baseline HIV viral load were strong predictors of progression to acquired immune deficiency syndrome (AIDS) and death from opportunistic infections in HIV-infected adults, with baseline HIV viral load being a stronger predictor of HIV progression to AIDS and death than baseline CD4 cell count.
CONCLUSIONS
Our results may be generalizable to HIV-infected adults in other high-burden settings with CD4 cell counts above 200 cells/mm 3 . Modifying the baseline independent risk factors of alcohol consumption, high viral load, and low CD4 cell count could reduce the tuberculosis risk profile in HIV-infected adults. Performing a TST before tuberculosis preventive therapy may also be useful for risk stratification in adults infected with HIV. 
